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Sir: 

We, Shingo TODE, Akira KINOSHITA, Hiroyuki FUJIMOTO, Yasufumi 
TAKAHASHI, Ikuro NAKANE and Shin FUJITANI, declare and state THAT: 

1 . We are the inventors of the nonaqueous electrolyte secondary 
battery defined in claims 1-3, 7 and 11 of the subject application. 

2. The nonaqueous electrolyte secondary battery defined in 
claims 1-3, 7 and 11 was reduced to practice in Japan prior to the 
July 30, 2003, filing date of Ohzukuetal . , US 2004/ 0126660 Al ("Ohzuku") ; 
and after January 1, 1996. 

3. To establish that the nonaqueous electrolyte secondary 
battery defined in claims 1-3, 7 and 11 was reduced to practice in 
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Japan prior to July 30, 2003, the following documents, in which all 
dates have been redacted, are submitted herewith together with English 
translations as evidence: 

Exhibit A: Request for New Domestic Applications datedprior 

to July 30, 2003, 
Exhibit B: Memorandum of idea dated prior to July 30, 2003, 

which was attached to the above Request, and 
Exhibit C: Draft specification which was also attached to 

the above Request. 

4. The examples in the draft specification describe tests 
carried out by us or under our supervision, 

5. Example 1 describes a three-electrode beaker cell 
(corresponding to a nonaqueous electrolyte secondary battery) in 
which the positive electrode material is a positive active material 
which includes a lithium transition metal complex oxide represented 
by the formula LiMno.33Nio.33COo.34O2, and further includes zirconium 
in an amount by mole of 0 . 5 % , based on the total amount of the transition 
metals 1 . The battery was charged until the potential of the working 

"Example 1 of the draft specification states that "zirconium 
(IV) oxide was added so that a ratio in mole of zirconium to the 

obtained main active material LiMno.33Nio.33COo.34O2 was brought to 0 . 5 % . ■ 
A ratio in mole of zirconium to the obtained main active material 

is equal to a ratio in mole of zirconium to the total amount of the 

transition metals. 
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(positive) electrode reached 4.3 V vs. Li/Li + . 

6. Example 2 describes a battery having the same construction 
as the battery, in Example 1 except that the amount of zirconium of 
the positive electrode material by mole was 1.0 %. 

7. Example 3 describes a battery having the same construction 
as the battery in Example 1. The charge potential of the working 
(positive) electrode was 4.6 V vs. Li/Li + . 

8. Example 4 describes a battery having the same construction 
as the battery in Example 2. The charge potential of the working 
(positive) electrode was 4.6 V vs. Li/Li + . 

9. Example 5 describes a nonaqueous electrolyte secondary 
battery in which the positive electrode material is a positive active 
material as prepared in Example 2 and which includes a lithium transition 
metal complex oxide represented by the formula LiMno.33Nio.33Coo.34Q2, 
and further includes zirconium in an amount by mole of 1.0 %, based 
on the total amount of said transition metals . The negative electrode 
contains a graphite material. The charge voltage was 4.5 V. 

10. Fig. 4 of the draft specification is a graph showing the 
2 nd -cycle and 16 th -cycle charge/discharge curves for the batteries 
of Example 3 and Comparative Example 2 at an end of charge potential 
of 4.6 V vs. Li/Li + and corresponds to the figure in the memorandum 
of idea. 
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All statements made herein of our own knowledge are true and 
all statements made on information and belief are believed to be 
true; and that further these statements are made with the knowledge 
that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent resulting 
therefrom. 

Signed this day of - , 2010. 

Signed: 

Name: Shingo TODE 

Signed this day of , 2010. 

Signed: 

Name: Akira KINOSHITA 

Signed this • day of , 2010.' 

Signed: 

Name: Hiroyuki FUJIMOTO 
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Signed this day of , 2010. 

Signed: 



Name: Yasufumi TAKAHASHI 



Signed this day of , 2010, 

Signed: 



Name: Ikuro NAKANE 



Signed this day of Jepje^k^ , 2010. 

Signed: J~X~->. — 



Name: Shin FUJITANI 
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[fflHaji3] 

ftft£^3E^Ufc££©iE*I<0mftzK 4.5V »s.Li/Li*Ja±i:«:*c:i:*W»tr*» 
IS^JS 1 2 fClHtS©*7km»S-^fljl!i. 

WCU^^Aa^BH^aft*^ <t*3*5t : Li, Mn,N 1,00,0, (0£i£l.2. x+y+z=1 
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m 1 2 tc-e«t®*Mc8JgHz^riBft. 

tflira 6 ] 

mRV70Am&&mm'£fflt%HDttmwmifi 0.1-2. omVg -e^-sct^giit 



tz£&$m%imm.Hs* fk^xt:LiMo, mum^m) -ri^ns'jfjAi^i^ 
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e» Lfc Mn, Nu Co U ^9Aj§&&JSgWb|$!J(&* Mn <!: Ni 

SC : LlinJH.Coj.^0, T«Sn*»W, fc«tttt <Rl*BMttttt) TfcttHttlcSUtt 
W^^te^^fC Electrochemical and Solid-State Letters, 4(12) A200-A203 
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(ime>n» ^iciEiKDftmmtfcj&M.sv vs.Li/Li^^i^^^p^ii^mttiiTii, 

4.5V vs.Li/Lia^.h^^flJfe (Wl^tf. ft&OftUfoP 0.1V vs. Li/Li-C&<50H!tm 
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Mn <h Ni Ji#«ig£WT£y3^Aji&&JIIt^<M&£3E 
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(i-flftttfc 1.0-1.3 <hfc*J:e>lciS:ff-;**iTU.5 <IElI(Z>3£^g<;fliI<D3£^S) . C 
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Exhibit A 



Dear Patent Attorney Makoto METSUGI 
MIYAZAKI & METSUGI PATENT ATTORNEYS 




SANYO ELECTRIC CO., LTD. Mobile Energy Company 

IP/ Legal Business Unit 
Legal and Intellectual property Department, IP division (Seishin) 

Chief Muneyuki HIRAO 

Re: Request for New Domestic Applications 

Thank you for your continued business. 

We would like to request for the following four application procedures. 
Regarding these applications, we will explain the content. Please let us know 
the date that would suit your convenience for the meeting. 

We should appreciate your acknowledging receipt of this letter. 



Notes 





Our Reference No. 


Title 


Due Date 


Remarks 


1 


NPX1030020 


Nonaqueous Electrolyte Battery 




Itaya 


2 


LCA1030057 


Method for Using Nonaqueous 
Electrolyte Secondary Battery 




Kinoshita 


3 


LCA1030059 


Nonaqueous Electrolyte 
Secondary Battery 




Tode 


4 


LCA1030060 


Nonaqueous Electrolyte 
Secondary Battery 




Saishou 



SANYO 



(TEL:078-993- 1141, FAX:078-993- 1095) 



Creation Date . 

LCA 1030059 



Chief of the Planning Group 


BU leader's Seal 


Signed : 
Date: 





Exhibit B 



Department New Type Ion Battery Group 
Name Shingo TODE ext. (3219) 

1. [Subject matter • Title etc.] 

NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

2. [Content of ideas] 
^fOutline of ideas] 

Structural/ methodological Feature: A lithium secondary battery in which the positive 
electrode in a fully charged state has a potential of at least 4.5 V (vs. Li /Li+h characterized in 
that a lithium transition metal complex oxide containing Li, Ni and Mn and having a layered 
structure is used as a positive active material, and the positive active material further contains 
zirconium. 

Effect: When using the positive electrode, inclusion of zirconium suppresses declining 
of discharge capacity and average working potential even if charge -discharge cycle is 
performed when the positive electrode has a high charging potential of at least 4.5 (V vs. 
Li/Li + ). Therefore, it is possible to provide an excellent battery which shows less 
deterioration by charge-discharge cycle and has a high energy density even if the 
positive electrode has a charging potential of at least 4.5 (V vs. Li/Li + ). 



[Graphic explanation] (A separate sheet/ reverse side is unusable) 

Inclusion of Zr increased a 



* ' * ad<Jiti»e-free-2ndCYCLE 
- - a(HJiti»e-rree-16thCYCLE 

0.5mol %Zr added-2ndCYCLE 
O.SmolSZr added- 16thCYCLE 
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capacity retention and an 
average working voltage after 
charge-discharge cycle. 



40 CO 80 100 120 140 
Initial Discharge Capacity CmAh/g) 

Fig. Discharge Curves at an end voltage of 4.6 V (vs. Li/Li + ) (2nd CYCLE 



Zr additive amount 


Capacity retention (%) 


additive-free 


89.2 


0.5mol% 


93.1 


1.0mol% 


92.5 




Zr additive amount 


Average Working 
Voltaqe(V vs Li/Li + ) 


additive-free 


3.834 


0.5mol% 


3.881 


1.0mol% 


3.872 



16th CYCLE) 



4. [Urgency of application] 

□ filling by , . due to the schedule for implementation (publication) 



□Other 



5. [Remarks] 

• A layered Mn-Ni positive electrode is a material which shows its characteristics 
when used at a high charging voltage. From this standpoint, it is believed that 
this is an important patent. 

• Handling of BASIS (magnesium material) 



6. [Evaluation by Manager] 



B 



Read and Understood bv 
Pater 



Read and Understood bv 
Date? " 



Manager's Seal 


Chief's Seal 







* * Search the prior arts by SAPIO etc. when requesting for application * * 

(a) Put this on the Labonote after filling 1 - 3 and self-signed & witnessed. 

(b) Complete the form on the copy of (a) from 4 down and submit it to BU leader. 

(c) Attach the copy of (b) to a request paper for application for IP division. 

(d) Get the BU leader's seal and the Planning Group Chiefs signature, 



and forward it to IP division. 
* (a)- (c) are handled by the inventor(s), and (d) are by BU leader and 
the Planning Group 
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Exhibit C 



[DOCUMENT NAME] SPECIFICATION 

[TITLE OF THE INVENTION] NONAQUEOUS ELECTROLYTE SECONDARY 
BATTERY 

[ Claims ] 
[Claim 1] 

A nonaqueous electrolyte secondary battery which has 
positive and negative electrodes each containing a material 
capable of storing/releasing lithium ions and a nonaqueous 
electrolyte solution, said secondary battery being 
characterized in that said positive active material mainly 
comprises a lithium transition metal complex oxide containing 
Li, Ni and Mn and having a layered structure and further 
contains z irconium . 

[Claim 2] 

The nonaqueous electrolyte secondary battery as recited 
in claim 1, characterized in that graphite material is used 
as the negative electrode and that a ratio in charging capacity 
(opposing portions) of said negative electrode to said positive 
electrode at a charge voltage of at least 4.2V is in the range 
of 1.0 - 1.3. 

[Claim 3] 

The nonaqueous electrolyte secondary battery as recited 
in claim 1 or 2, characterized in that said positive electrode 
in a fully charged state has a potential of at least 4.5 V vs. 
Li/Li + . 

[Claim 4] 

The nonaqueous electrolyte secondary battery as recited 



in claim 1 or 2, characterized in that said lithium transition 
metal complex oxide is represented by a chemical formula: 
Li a Mn x Ni y Co 2 0 2 (0 £ a £ 1.2, x+y+z=l, 0 < x ^ 0.5, 0< 
y ^ 0.5 and z ^ 0 ) . 

[Claim 5] 

The nonaqueous electrolyte secondary battery as recited 
in any one of claims 1-3, characterized in that said lithium 
transition metal complex oxide contains substantially the same 
amount of Ni and Mn. 

[Claim 6] 

The nonaqueous electrolyte secondary battery as recited 
in any one of claims 1-4, characterized in that said lithium 
transition metal complex oxide has a specific surface area of 
0.1 - 2.0 m 2 /g. 
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[DETAILED DESCRIPTION OF THE INVENTION] 

[INDUSTRIAL FIELD OF APPLICATION] 

The present invention relates to a lithium secondary- 
battery, further relates to an improvement of a positive 
electrode intended to improve charge - discharge cycle 
characteristics of a nonaqueous battery, particularly to 
improve charge - discharge cycle characteristics at a high 
potential . 

[PRIOR ARTS] 

In recent years, nonaqueous electrolyte secondary 
batteries using metallic lithium, an alloy capable of storing 
and releasing lithium or a carbon material as the negative 
active material and a lithium transition metal complex oxide 
represented by the chemical formula: LiM0 2 (M indicates a 
transition metal) as the positive active material have been 
noted as high- energy - dens i ty batteries. 

A representing example of the lithium transition metal 
complex oxide is lithium cobaltate (LiCo0 2 ), which has been 
already put to practical use as the positive active material 
for nonaqueous electrolyte secondary batteries. However, 
other lithium transition metal complex oxides containing Mn 
or Ni as a transition metal, as well as those containing all 
of these three transition metal elements, have been also 
studied (for example. Patent Registration No. 2,561,556, 
Patent Registration No. 3,244,314, Journal of Power Sources, 
90(2000), 176-181). Among those lithium transition metal 
complex oxides containing Mn , Ni and Co, the material having 
the same composition of Mn and Ni and represented by a chemical 
formula: L iMn x Ni x Co ( x _ 2X ) 0 2 is reported as showing a uniquely 
high thermal stability even in a charged state (high oxidation 



state) in Electrochemical and Solid-State Letters, 4(12), 
A200 -A203 ( 2001 ) . It is also reported in Patent Laying-Open 
No. 2002-42,813 that the complex oxide having substantially 
the same composition of Ni and Mn has a voltage of approximately 
4 V, as comparable to that of LiCo0 2 , and shows a high capacity 
and a superior char ge - di s char ge efficiency. Batteries using 
a positive electrode containing, as a chief material (at least 
50 % by weight) , such a lithium transition metal complex oxide 
containing Mn , Ni and Co and having a layered structure (for 
example, chemical formula: Li a Mn b Ni b Co ( i- 2b >0 2 (0^ a ^1.2, 0 <b 
^0.5)), because of their high thermal stability during charge , 
can be expected to achieve a marked reliability improvement . 
Also, it is reported (Chemistry Letters, 2001 , pp 642-643 ) that 
this lithium transition metal complex oxide containing Mn , Ni 
and Co and having a layered structure, because of its high 
structural stability, exhibits better cycle characteristics 
than current ly - used LiCo0 2 or others, even when its charge 
voltage is set at a higher value (positive electrode potential 
of at least 4.5 V (vs. Li/Li + )) than values used in the current 
state of the art. In existing nonaqueous electrolyte secondary 
batteries using a lithium transition metal complex oxide (for 
example, LiCoO z ) for the positive electrode, an end - of - char ge 
voltage is generally prescribed at 4.1 - 4.2 V. In this case, 
the positive electrode utilizes only 50 - 60 % of its 
theoretical capacity. Therefore, the use of a lithium 
transition metal complex oxide having a layered structure 
enables the positive electrode to utilize at least 70 % of its 
theoretical capacity and thus enables the battery to increase 
its capacity and energy density without marked deterioration 
of thermal stability even when a charge voltage is set at a 
high value . 
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[PROBLEMS TO BE SOLVED] 

However, nonaqueous electrolyte secondary batteries, 
even if using the lithium transition metal complex oxide 
containing Mn, Ni and Co and having a layered structure as the 
positive active material, still show the declining working 
voltage and discharge capacity with char ge - di s char ge cycling. 
Particularly in a charged state at such a high potential that 
a positive electrode has a charge voltage of at least 4.5 V 
(vs. Li/Li + ), such batteries exhibit marked loss in working 
voltage and discharge capacity after char ge - discharge cycles. 
The resulting energy density loss has been a problem. That 
is, a problem in cycle characteristics has been encountered 
in such batteries, particularly those which have a positive 
electrode potential of at least 4.5 V (vs. Li/Li + ) in a fully 
charge state (e.g., those which have a charge voltage of at 
least 4.4 V when using a carbon negative electrode having a 
charge potential of 0.1 V (vs. Li/Li 4 ) . 

It is an object of the present invention to provide a 
lithium secondary battery which uses a positive electrode 
containing a lithium transition metal complex oxide containing 
Mn and Ni and having a layered structure, and which can suppress 
declining of working voltage and capacity during 
charge-discharge cycles, particularly in a charged state at 
such a high potential that a positive electrode has a charge 
voltage of at least 4.5 V (vs. Li/Li + ), and improve cycle 
characteristics . 

[ MEANS FOR SOLVING THE PROBLEMS] 

To achieve the above object, the nonaqueous electrolyte 
secondary battery provided by the present invention has 
positive and negative electrodes each containing a material 
capable of storing/releasing lithium ions and a nonaqueous 



electrolyte solution, said secondary battery being 
characterized in that said positive active material mainly 
comprises a lithium transition metal complex oxide containing 
Li, Ni and Mn and having a layered structure and further 
contains zirconium. 

In existing nonaqueous electrolyte secondary batteries 
using LiCo0 2 for the positive electrode, an end- of - charge 
voltage is generally prescribed at 4.1 - 4.2 V, and in those 
using carbon material for the negative electrode, a positive 
electrode in a fully charged state has a potential of 4.2 - 
4.3 V (vs. Li/Li + ). Additionally, an opposing capacity ratio 
when charged at the aforementioned voltage is generally 
designed to fall within the range of 1.0 - 1.3 (the charge amount 
of the positive electrode < that of the negative electrode). 
The reason for this design is that if this charge capacity ratio 
falls below 1.0, metallic lithium may precipitate on a surface 
of the carbon material and alloy material to thereby 
deteriorate cycle characteristics and lower a safety level of 
the battery in a remarkable manner. On the other hand, if the 
charge capacity ratio exceeds 1.3, an excess part of the 
negative electrode that does not take part in a reaction 
enlarges to lower an energy density of the battery. 

Therefore, in the representative example of the 
nonaqueous electrolyte secondary battery of the present 
invention, material capable of storing/releasing lithium such 
as carbon material and Li alloy material is used for the 
negative electrode, a charge voltage of the battery is at least 
4.2 V, a positive electrode in a charged state has a potential 
of 4.3 - 5.2 V vs. Li/Li + , the opposing capacity ratio is 1.0 
- 1.3 when charged at the voltage. Meanwhile, if the positive 
electrode is charged to a potential range that exceeds 5.2V 
vs. Li/Li 4 , decomposition of the electrolyte solution on an 
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electrode surface in some cases becomes more significant than 
extraction of lithium in the active material, therefore, a 
charge voltage of the positive electrode falls within the 
above -mentioned range. 

The lithium transition metal complex oxide for 
incorporation of zirconium is preferably represented by a 
chemical formula: Li a Mn x Ni y Co 2 0 2 (a, x, y and z satisfy 0 £ a 
£1.2, x + y + z = l, 0 < x £ 0 . 5 , 0 < y £ 0 . 5 and z ^ 0 ) , and 
further preferably, nickel and manganese are contained 
substantially in the same amount. Also in order to restrain 
the positive active material at a high potential from reacting 
with the electrolyte solution, the positive active material 
preferably has a specific surface area in the range of 0.1 - 
2 . 0 m 2 /g . 

A mixed solvent of a cyclic carbonate which has 
high-dielectric and a chain carbonate which has low viscosity 
is preferably used as a nonaqueous electrolyte solvent for use 
in the present invention. Cyclic carbonates are susceptible 
to oxidation decomposition at a high potential. Therefore, 
the cyclic carbonate content of the solvent is preferably 
within the range of 10 - 30 % by volume. In addition, aluminum 
foil which has a thickness of 10 - 30 pm is generally used as 
a positive current collector. When such a current collector 
is used, however, there is a possibility that corrosion of the 
foil itself progresses at a high potential of at least 4.5 V 
vs. Li/Li + . Therefore, inclusion of LiPF 6 for supporting salt 
is preferred because LiPF 6 restrains such corrosion (this is 
considered to be due to fabrication of passivation film of 
aluminum fluoride). In addition, a higher potential of a 
positive electrode increases a tendency of electrolytic 



solution on a carbon surface, which is used as a conductive 

agent, to decompose. For this reason, an amount of carbon as 

a conductive agent contained in a positive electrode is 
desirably at most 5 wt%. 

[FUNCTION] 

Concerning the structure which suppresses declining of 
working voltage and capacity with char ge - di s char ge cycling, in 
a electrode using a lithium transition metal complex oxide 
containing Li, Mn and Ni and having a layered sutructure, though 
the details of this cause are not clarified, the following has 
been found as a result of analysis of the positive and negative 
electrodes after char ge - di s char ge cycles (See reference 
experiments) . 

(1) In case of a lithium transition metal complex oxide 
excluding Zr and having the above-mentioned layered structure, 
its XRD patterns both before and after cycles show no 
appreciable difference. 

(2) Measurement of the amount of Mn precipitated (or deposited) 
on a negative electrode after cycles reveals that a battery 
using a lithium transition metal complex oxide excluding Zr 
and having the above-mentioned layered structure as a positive 
active material contains a larger amount of Mn precipitated 
on negative electrode, compared to the battery of the present 
invention which uses a lithium transition metal complex oxide 
containing Zr. 

It is believed from the forgoing that the declining 
characteristics of the battery using the lithium transition 
metal complex oxide containing Li, Mn and Ni and having a 
layered structure as a positive active material with 
charge-discharge cycles is not due to structural degradation 
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of the positive active material but due to elution of Mn from 
a surface of the positive active material (precipitation of 
the eluted Mn on the negative electrode) . This probably causes 
a resistance build-up at a positive electrode - electrolyte 
solution interface to result in loss of working voltage and 
discharge capacity. Although the effect of the zirconium 
addition on charge - di scharge cycle characteristics is 
confirmed even in a charged state at a positive electrode 
potential of 4.3 V vs. Li/Li + , its effect, particularly, to 
suppress decline of a working potential becomes more 
significant when in a charged state at a high potential of at 
least 4.5 V vs. Li/Li + (See Table 2 and Figs . 2 - 5, or Tables 
3 - 5 ) . 

Patent Registration No. 2,855,877 is an example of 
addition of Zr to lithium transition metal complex oxide 
represented by LiM0 2 (M: transition metal). However, as it 
describes in paragraph [0008] , its action/effect is to prevent 
decomposition of an electrolyte solution and structural 
degradation of active material by coating LiCo0 2 particle 
surfaces with zirconium oxide (IV) or a lithium zirconium 
complex oxide so that they are stabilized, and is therefore 
believed to be completely different from the act ion/ ef fee t of 
the present invention. 

The lithium transition metal complex oxide desirably 
contains substantially the same amount of Ni and Mn , in order 
to balance characteristics in which manganese, in its nature, 
is low in capacity but high in thermal stability during charge, 
while Nickel, in its nature, is high in capacity but low in 
thermal stability during charge. 

If the zirconium content is excessively small, an effect 



on a charge-discharge cycle characteristics at a high potential 
may not be obtained sufficiently. On the other hand, if the 
zirconium content is excessively large, discharge 
characteristics of the positive electrode may be adversely 
affected. Therefore, the amount of zirconium contained in the 
positive active material is preferably from 0.1 mole % to 5 
mole %, based on the lithium transition metal complex oxide. 

[EMBODIMENT OF THE INVENTION] 

The present invention is below described in more detail 
by way of Examples. It will be recognized that the following 
examples merely illustrate the present invention and are not 
intended to be limiting thereof. Suitable changes can be 
effected without departing from the scope of the present 
invention . 

[ EXAMPLES ] 

By the following methods, a t hr ee - e lec t r ode beaker cell 
was constructed, and charged and discharged to evaluate the 
charge-discharge characteristics of the electrode. 

< EXPER IME NT 1> 
(EXAMPLE 1) 

[Preparation of Positive Active Material] 

LiOH and a coprecipi t at ed hydroxide represented by 
Mn 0 3 3N i 0 . 3 3C0 0 . 3 4 ( OH ) 2 were mixed in an IshiJcawa automated mortar 
such that a ratio in mole of Li to all transition metals was 
brought to 1:1. Then, zirconium (IV) oxide was added so that 
a ratio in mole of zirconium to the obtained main active 
material LiMn0.33Ni0.33CO0.34O2 was brought to 0.5 %. The 
resulting mixture was heat treated in the air atmosphere at 
1, 000 *C for 20 hours and then pulverized to obtain a lithium 
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transition metal complex oxide represented by 

LiMn0.33Ni0.33CO0.34O2 and having a mean particle diameter of 
about 10 pm. A BET specific surface area of the obtained 
LiMno.33Nio.33COo.34O2 was 0.67 m 2 /g. 

[Fabrication of Working Electrode] 

The above -prepared positive active material, carbon as 
an electrical conductor and poly vinyl idene fluoride as a binder 
at a ratio by weight of 90:5:5, were added to 
N-methyl - 2 -pyrrolidone as a dispersing medium. The mixture 
was kneaded to prepare a cathode mix slurry. The prepared 
slurry was coated on an aluminum foil as a current collector, 
dried and then rolled by a pressure roll. Subsequent 
attachment of a current collecting tab completed fabrication 
of a working electrode. 

[Preparation of Electrolyte Solution] 

Ethylene carbonate (EC) and ethyl methyl carbonate (EMC) 
were mixed at a 3:7 ratio by volume to provide a solvent in 
which lithium hexaf luor ophospha t e (LiPF 6 ) was subsequently 
dissolved in the concentration of 1 mole/liter to prepare an 
electrolyte solution. 

[Construction of Three - Elect rode Beaker Cell] 

The three - electrode beaker cell shown in Figure 1 was 
constructed in a glove box maintained under Ar atmosphere. 
Metallic lithium was used for the counter electrode and 
reference electrode. 

[Evaluation of Initial Charge - Discharge Characteristics] 

The above-fabricated three - elect rode beaker cell at room 
temperature was charged at a constant current of 0.75 mA/cm 2 
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(about 0.3C) until a working electrode potential reached 4.3 
V vs. Li/Li 4 , further charged at a constant current of 0.25 
mA/cm 2 (about 0.1C) until the potential reached 4.3 V vs. Li/Li + 
and then discharged at a constant current of 0.75 mA/cm 2 (about 
0.3C) until the potential reached 2.75 V vs. Li/Li + to evaluate 
initial char ge - di s char ge characteristics. 

[Evaluation of Charge - Dis char ge Cycle Characteristics] 

The above evaluation of initial char ge - di scharge cycle 
characteristics was followed by 15 cycles of charge and 
discharge at room temperature under the same conditions and 
then a capacity retention on the 16th-cycle was calculated from 
the following equation. Also, discharge curves for the 
Ist-cycle and 16th-cycle were compared to determine a decline 
in the average electrode potential and in potential when 
discharge was initiated. 

Capacity retention (%) = (16th-cycle discharge capacity) 
-T- (lst-cycle discharge capacity) X 100 

(EXAMPLE 2) 

In Preparation of Positive Active Material, zirconium 
oxide contained in the heat-treated LiMno.33Nio.33Coo.34O2 was 
added so that a ratio in mole of zirconium was brought to 1.0 %. 
Otherwise, the procedure of Example 1 was followed to construct 
a three-electrode beaker cell. A BET specific surface area 
of the obtained LiMn 0 . 33 Ni 0 . 33 Co 0 . 34 0 2 was 0.64 m 2 /g. Its initial 
charge-discharge characteristics and charge-discharge cycle 
characteristics were evaluated in the same manner as in Example 
1 . 

(EXAMPLE 3) 

The procedure of Example 1 was followed to construct a 
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three -elect rode beaker cell. 

The procedure of Example 1 was followed, except that the 
prescribed charge potential of the working electrode was 4.6 

V vs. Li/Li + , to evaluate initial char ge - discharge 
characteristics and char ge - di s char ge cycle characteristics. 

(EXAMPLE 4) 

The procedure of Example 2 was followed to construct a 
three -elect rode beaker cell. 

The procedure of Example 1 was followed, except that the 
prescribed charge potential of the working electrode was 4.6 

V vs. Li/Li + , to evaluate initial charge -discharge 
characteristics and charge - dis charge cycle characteristics. 

(COMPARATIVE EXAMPLE 1) 

In Preparation of Positive Active Material, LiOH and the 
coprecipi t ated hydroxide represented by Mn 0 . 33 Ni 0 . 33CO0 . 34 ( OH ) 2 
were mixed in an Ishikawa automated mortar such that a ratio 
in mole of Li to all transition metals was brought to 1:1. 
Otherwise, the procedure of Example 1 was followed to construct 
a three - electrode beaker cell and evaluate initial 
charge-discharge characteristics and char ge - di s char ge cycle 
characteristics . 

(COMPARATIVE EXAMPLE 2) 

The procedure of Comparative Example 1 was followed to 
construct a three - elect rode beaker cell. 

The procedure of Example 1 was followed, except that the 
prescribed charge potential of the working electrode was 4.6 

V vs. Li/Li + , to evaluate initial char ge - dis char ge 
characteristics and charge - discharge cycle characteristics. 
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The evaluation results for initial charge-discharge 
characteristics and char ge - di s char ge cycle characteristics of 
beaker cells Al - A4 in the above Examples 1-4 and beaker 
cells XI and X2 in the Comparative Examples 1 and 2 are shown 
in Tables 1 and 2 and Figures 2-5. In Table 1, the specific 
surface area of the positive active material prepared by the 
examples and comparative examples is also shown. 



(Table 1) Initial charge-discharge characteristics for 
batteries of Examples 1-4 and Comparative Examples 1-2 





Cell 


Zr Content (Mole %) 
of 

Active Material 


End-of-Charge 
Voltage 
(V vs.Li/Li-) 


Specific 
Surface 
Area (m 2 /g) 


Initial Charge 

/Discharge 
Efficiency (%) 


Discharge 
Capacity 
(mAh/g) 


Average 
Electrode 
Potential 
(V vs. Li/Li*) 


Comp. 
Ex. 1 


X1 


0 


4.3 


0.67 


84.5 


149.0 


3.784 


Ex. 1 


A1 


0.5 


0.67 


85.0 


149.4 


3.809 


Ex. 2 


A2 


1.0 


0.63 


85.6 


150.8 


3.806 


Comp. 
Ex. 2 


X2 


0 


4.6 


0.67 


84.5 


186.8 


3.928 


Ex. 3 


A3 


0.5 


0.67 


85.1 


186.7 


3.927 


Ex. 4 


A4 


1.0 


0.63 


84.9 


187.4 


3.923 



(Table 2) Evaluation results of char ge - dis char ge 
characteristics for batteries of Examples 1-4 and Comparative 



Examples 1-2 





Cell 


Zr Content (Mole %) 
of 

Active Material 


End-of-Charge 
Voltage 
(V vs. Li/Li*) 


Loss of Discharge 
Initiating Potential 
before and after Cycles 
(mV) 


Loss of Average 
Electrode Potential 
before and after 
Cycles 
(mV) 


Capacity 
Retention 
(%) 


Comp. 
Ex. 1 


X1 


0 


4-3 


56 


14 


94.5 


Ex. 1 


A1 


0.5 


15 


16 


97.7 


Ex. 2 


A2 


1.0 


14 


21 


97.1 


Comp. 
Ex. 2 


X2 


0 


4.6 


156 


94 


89.2 


Ex. 3 


A3 


0.5 


55 


46 


93.1 


Ex. 4 


A4 


1.0 


64 


51 


92.5 



As evident from Table 2, addition of zirconium improves 
capacity retention of LiMno.33Nio.33Coo.34O2 in charge -discharge 
cycles and restrains a decline of a discharge initiating 
potential. As can be appreciated from comparison between 
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Examples 1-2 and Examples 3 - 4 # Examples 3 -4 in which the 
end- of - charge potential is at least 4.5 V vs. Li/Li + is much 
more effective to improve a decline of a discharge initiating 
potential by about 100 mV , compared to the zirconium-excluded 
Comparative Example 2. 

As evident from Table 2 and Figs. 2-5, concerning the 
degree of declining an average electrode potentials before and 
after charge - discharge cycles, the effect of the zirconium 
addition is not confirmed at the end of charge of 4.3 V vs. 
Li/Li + . On the other hand, with increase in content of 
zirconium, it has been found that decline of an average 
electrode potential is suppressed at the end of charge of 4.6 
V vs. Li/Li + . 

In this way, it turned out that the zirconium addition 
is particularly effective at a higher charge voltage (when the 
positive electrode has a potential of 4.2 - 4.3 V vs. Li/Li+) 
than at the conventional charge voltage (when the positive 
electrode has a potential of at least 4.5V vs. Li/Li+). 

< EXPERIMENT 2> 

By the following methods, a battery was constructed to 
evaluate its initial char ge - di s char ge characteristics and 
charge-discharge cycle characteristics. 

(EXAMPLE 5) 

[Fabrication of Positive Electrode] 

The positive active material prepared in Example 2, 
carbon as an electrical conductor and polyvinylidene fluoride 
as a binder at a ratio by weight of 90:5:5 were added to 
N-me thyl - 2 -pyrrolidone as a dispersing medium. The mixture 
was kneaded to prepare a cathode mix slurry. The prepared 
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slurry was coated on an aluminum foil as a current collector, 
dried and then rolled by a pressure roll. Subsequent 
attachment of a current collecting tab completed fabrication 
of a positive electrode. 

[Fabrication of Negative Electrode] 

Synthetic graphite as the negative active material and 
a s tyrene -but adiene rubber as a binder were added to an aqueous 
solution of carboxymethylcellulose as a thickener so that the 
mixture contained the active material, binder, and thickener 
in the ratio by weight of 95:3:2. The mixture was then kneaded 
to prepare an anode mix slurry. The prepared slurry was coated 
onto a copper foil as a current collector, dried and rolled 
by a pressure roll. Subsequent attachment of a current 
collecting tab completed fabrication of a negative electrode. 

[Preparation of Electrolyte Solution] 

Ethylene carbonate (EC) and ethyl methyl carbonate (EMC) 
were mixed at a 3:7 ratio by volume to provide a solvent in 
which lithium hexaf luor opho s phat e (LiPF 6 ) was subsequently 
dissolved in the concentration of 1 mol/1 to prepare an 
electrolyte solution. 

[Construction of Battery] 

The above - ob t ained positive and negative electrodes were 
wound, while interposing a separator between them, to provide 
a wound assembly. In a glove box maintained under Ar 
atmosphere, the wound assembly and electrolyte solution were 
encapsulated in a casing of an aluminum laminate to obtain a 
nonaqueous electrolyte secondary battery A5 having a battery 
standard size of 3.6 mm in thickness, 3.5 cm in width and 6.2 
cm in length. The ratio in charge capacity of the negative 
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to positive electrode in their portions opposed to each other 
was 1.15. 

(COMPARATIVE EXAMPLE 3) 

The procedure of Example 5 was followed, except that the 
positive active material in Comparative Example 1 was used, 
to construct a battery and evaluate its characteristics. 

[Evaluation of Initial Charge - Discharge Characteristics of 
Battery ] 

The constructed nonaqueous electrolyte secondary 
battery at room temperature was charged at a constant current 
of 650 mA (about 1.1C) to a voltage value of 4.5 V, further 
charged at a constant voltage of 4.5 V to a current value of 
32 mA (about 0.06C) and then discharged at a constant current 
of 650 mA to a voltage value of 2.75 V to thereby measure its 
discharge capacity ( mAh ) . 

[Evaluation of Char ge - Di s char ge Cycle Characteristics] 

After evaluation of the initial charge - di scharge cycle 
characteristics, the battery was subjected to a 
charge- discharge cycle test under the same conditions to 
determine its capacity retention and change in discharge 
initiating voltage on the 50th-cycle. The results are shown 
in Table 3. The capacity retention was calculated from the 
following equation . 

Capacity retention (%) = (50th-cycle discharge capacity) * 
(lst-cycle discharge capacity) x 100 



(Table 3) Evaluation results of battery characteristics 







Charge 
Voltage 
(V) 


Zr Content 


Initial 


Initial Charge 
/Discharge 
Efficiency (%) 


Capacity 


Loss of Discharge 




Cell 


(Mole %) 

of 
Active 


Discharge 
Capacity 
(mAh) 


Retention 

(%) 
after 


Initiating Potential 
before and after 
Cycles 
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Material 






50 Cycles 


(mV) 


Ex. 5 


A5 


4.5 


1.0 


642.7 


82.1 


92.2 


67 


Comp. 
Ex. 3 


X3 


4.5 


0 


629.7 


83.0 


91.3 


95 



As evident from Table 3, the Zr - incorporated battery of 
Example 5 of the present invention shows the improved capacity 
retention after 50 cycles and the reduced a decline of discharge 
initiating voltage after cycles, compared to the Zr-excluded 
battery of Comparative Example 3 . 

< REFERENCE EXPERIMENTS > 

The following experiment was conducted to investigate 
the cause of the decline of working voltage and discharge 
capacity when a lithium transition metal complex oxide 
containing Li, Mn and Ni and having a layered structure is 
subjected to charge-discharge cycles and also investigate the 
action/effect of incorporating zirconium. 

Cl) Measurement of XRD of positive active material before and 
after charge - discharge cycles 

The positive electrode was removed from the battery X3 
of Comparative Example 3 before and after char ge - discharge 
cycles and its X-ray diffraction was carried out using CuKa 
radiation as the source. The results are shown in Figure 6. 
The half width was also calculated using a lattice constant 
and a Gauss method. The results are shown in Table 6. 



(Table 4)Lattice constant and Half-Width of positive electrode 
before and after char ge - di s char ge cycles 





Battery 


Charge 
-Discharge 
Cycles 


Half-Width (deg) 


(003)Plane 


(104)Plane 


(110)Plane 


Comp. 
Ex.3 


X3 


before 
Cycles 


0.1423 


0.2244 


0.2555 


X3 


after 

Cycles i 


0.1539 


0.2444 


0.3006 
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As can be clearly seen from Figure 6, a difference between 
X-ray diffraction patterns of the positive active material of 
the battery before and after charge- discharge cycles is not 
appreciable. As can also be clearly seen from Table 4, there 
is no appreciable difference in half width of the positive 
active material of the battery before and after 
charge-discharge cycles. These are believed to suggest that 
no degradation has occurred in a crystal structure of the 
positive active material of the battery after cycles. 

(2) Measurement of amount of Mn precipitated on negative 
electrode of battery after cycles 

After charge-discharge cycles, each of the battery of 
Example 5 and the battery of Comparative Example 3 was 
disassembled to collect its negative electrode. Then, the 
amount of Mn precipitated on a surface of the negative electrode 
was measured by fluorescent X-ray analysis using rhodium 
radiation as the source (a range of detection is 0-40 keV) . 
The results are shown in Table 4. 

(Table 5)Evaluation results of battery characteristics 





Zr Content (Mole %) 
of 

Active Material 


Amount of Mn Precipitatec 
on Negative Electrode 
(cps/pA) 


Ex. 5 


1.0 


1.901 


Comp. 
Ex. 3 


0 


2.262 



As evident from Table 4, the amount of manganese 

precipitated on the negative electrode of the 

zirconium- incorporated battery of Example 5 is more than 10 % 

smaller than that of the zirconium-excluded battery of 

Comparative Example 3. It is believed from the forgoing results 
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of these reference experiments that the declining working 
voltage and discharge capacity of the battery having a lithium 
transition metal complex oxide containing Li, Mn and Ni and 
having a layered structure with char ge - di schar ge cycling is 
not due to the degradation of crystal bulk structure of the 
positive active material when subjected to charge-discharge 
cycles but due to the elution of Mn from the positive active 
material when subjected to charge-discharge cycles (and the 
resulting resistance build-up at the interface between the 
positive electrode and the electrolyte solution). Like the 
positive active material of the examples, containing zirconium 
is inferred to retard elution of Mn and restrain declining of 
working voltage and discharge capacity with charge - discharge 
cycling as mentioned above. 

[EFFECT OF THE INVENTION] 

As described in detail above, it is possible to provide 
a nonaqueous electrolyte secondary battery which has a positive 
electrode and a negative electrode containing material capable 
of storing/releasing lithium ions and a nonaqueous electrolyte 
solution, in which the positive active material mainly 
comprises a lithium transition metal complex oxide containing 
Li, Ni and Mn and having a layered structure, and which 
suppresses declining of discharge voltage and capacity during 
charge-discharge cycles and improves cycle characteristics by 
inclusion of zirconium in the lithium transition metal complex 
oxide in the positive active material. 

[BREIF DESCRIPTION OF THE DRAWINGS ] 

[Fig. 1] A schematic view showing a three - elect rode beaker 
cell . 

1: working electrode, 2: counter electrode (lithium metal), 
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3: reference electrode (lithium), 4: electrolyte solution 
[Fig. 2] A graph showing 2nd-cycle and 16th-cycle 
charge/discharge curves for the batteries of Example 1 and 
Comparative Example 1 (Al, XI): an end of charge, of 4.3 V vs. 
Li/Li + . 

[Fig. 3] A graph showing 2nd-cycle and 16th-cycle 
charge/discharge curves for the batteries of Example 2 and 
Comparative Example 1 (A2, XI): an end of charge of 4.3 V vs. 
Li/Li + .. 

[Fig. 4] A graph showing 2nd-cycle and 16th-cycle 
charge/discharge curves for the batteries of Example 3 and 
Comparative Example 2 (A3, X): an end of charge of 4.6 V vs. 
Li/Li + . 

[Fig. 5] A graph showing 2nd-cycle and 16th-cycle 
charge/discharge curves for the batteries of Example 4 and 
Comparative Example 2 (A4, X2 ) : an end of charge of 4.6 V vs. 
Li/Li + . 

[Fig. 6] A chart showing X-ray diffraction pattern of the 
positive electrode of the battery (X3) of Comparative Example 
3 before and after the charge - discharge cycle test. 
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Fig. 1 A schematic view of a three-electrode beaker cell 
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Fig.2 A graph shewing 2nd- cycle and 13th-cycle charge/discharge curves for 

the batteries of Example 1 and Comparative Example 1(A1.X1): an end of charge of 4.3 V vs. Li'Li* 
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Fig.3 A graph showing 2nd- cycle and 19th- cycle charge/discharge curves for 

the batteries of Example 2 and Comparative Example 1 (A2.X1): an end of charge of 4.3 V vs. LVLH- 
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Fig .4 A graph showing 2nd- cycle and 16th- cycle charge/discharge curves for 

the batteries of Example 3 and Comparative Example 2 (A3, X2): an end of charge of 46 Vvs. LtfLH- 
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Fig .5 A graph showing 2nd- cycle and 16th- cycle charge/discharge curves for 

the batteries of Example 4 and Comparative Example 2 (A4. X2): an end of charge of 46 V vs. LifLH- 
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Fig. 6 A chart showing X-ray diffraction patter of the positive electrode of the battery (X3) 
of Comparative Example 3 before and after the charge-discharge cycle test 
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